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metres	 above	 the	 surface)	were	 not	 provided	 in	 UKCP09,	 due	 to	 lack	 of	
suitable	multi-model	climate	data.
1.2.	 However,	 daily	 values	 of	 surface	 wind	 speed	 (and	 also	 of	 westerly	 and	
southerly	 wind	 components)	 are	 available	 at	 25	 km	 resolution	 from	 the	
ensemble	of	11	Met	Office	regional	climate	model	(RCM)	variants	run	for	
UKCP09.	 This	 ensemble	 was	 run	 from	 1950-2099,	 driven	 by	 the	 UKCP09	
Medium	 scenario	 of	 future	 emissions	 of	 greenhouse	 gases	 and	 aerosols.	
There	are	no	corresponding	RCM	projections	for	the	High	or	Low	emissions	
scenarios.	Data	 are	 available	 from	 the	Climate	 Impacts	 LINK	website	 (see	
http://badc.nerc.ac.uk/data/link),	 and	 provide	 an	 important	 resource	 for	




of	11	possible	 futures	which	do	not	encompass	 the	 full	 range	of	possible	
future	changes	in	wind	speed,	and	cannot	be	used	to	estimate	the	relative	
likelihood	of	different	changes.
1.3.	 The	 RCM	 surface	 wind	 speeds	 show	 biases	 when	 compared	 to	 long-
term	 climatological	 means	 derived	 directly	 from	 observations,	 or	 from	
atmospheric	reanalysis	datasets.	The	biases	vary	with	location	and	season,	




1.4.	 Despite	 biases	 in	 the	 time-averaged	 values,	 the	 RCM	 simulation	 provide	
time	series	and	distributions	of	daily	wind	speed	which	replicate	observed	
characteristics	 more	 realistically	 than	 is	 achieved	 in	 their	 driving	 global	
climate	model	simulations	(run	at	300	km	resolution).
1.5.	 Furthermore,	it	is	found	that	projected	patterns	of	future	change	in	surface	
winds	 are	 similar	 in	 the	 regional	 and	 global	 model	 projections,	 and	 are	
also	 similar	 to	wind	 changes	 above	 the	 atmospheric	 boundary	 layer.	 This	
implies	that	the	surface	wind	changes	are	determined	mainly	by	large	scale	
physical	processes	affecting	the	circulation	of	the	free	atmosphere,	and	are	
therefore	 unlikely	 to	 have	 been	 significantly	 influenced	 by	 biases	 in	 the	
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detailed	representation	of	boundary	layer	mixing	in	the	models	over	the	UK	
or	Europe.
1.6.	 Therefore,	 it	 is	 recommended	 that	 users	 requiring	 detailed	 wind	 speed	
information	 exploit	 the	 RCM	 data,	 provided	 that	 the	 consequences	 of	






specific	 climatological	 metrics,	 then	 a	 range	 of	 bias	 correction	 strategies	
may	need	to	be	considered.	Examples	could	include	simply	correcting	RCM-
projected	future	time	series	to	remove	biases	in	the	long	term	average	value	
estimated	 by	 comparing	 simulated	 and	 observed	 historical	 climatologies,	
or	adjusting	observed	historical	time	series	according	to	correction	factors	
which	vary	with	wind	speed,	deduced	by	comparing	simulated	and	observed	




signal	 is	 not	 affected	 by	 the	 biases	 in	 the	 present	 day	 RCM	 climatology,	
based	on	the	assessment	at	(1.5)	above.
1.7.	 If	 observed	wind	 speed	 data	 is	 not	 available	 it	 is	 suggested	 users	 obtain	
expert	advice	to	discuss	alternative	bias	correction	strategies.
1.8.	 Projected	 future	 changes	 in	 30-year	 averages	 of	 surface	 wind	 speed	









climate	 modelling	 uncertainties	 by	 combining	 results	 from	 perturbed	
variants	 of	 the	 HadCM3	 configuration	 of	 the	 Met	 Office	 global	 climate	






•	 At	 the	 global	 climate	 model	 scale,	 a	 17-member	 “perturbed	 physics	
ensemble”	 (hereafter	 referred	 to	 as	 PPE_GCM)	 of	 HadCM3	 variants	
sampling	 uncertainties	 in	 surface	 and	 atmospheric	 model	 parameters	
(see	section	3.2.4	of	Murphy	et al.	2009*),	and	driven	by	the	SRES	A1B	
emissions	scenario,	also	identified	as	the	UKCP09	Medium	scenario;
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	 Data	 from	 the	 PPE_GCM	 and	 PPE_RCM	 ensembles	 is	 available	 from	 the	
Climate	 Impacts	 LINK	 project,	 operated	 by	 the	 British	 Atmospheric	 Data	
Centre	 (BADC);	 see	http://badc.nerc.ac.uk/data/link,	with	 access	 conditions	
described	at	http://badc.nerc.ac.uk/conditions/ukmo_agreement.html.	Data	
from	the	global	multi-model	ensemble	can	be	accessed	from	the	Program	
for	 Climate	 Model	 Diagnosis	 and	 Intercomparison	 (PCMDI),	 based	 in	
California,	which	has	collected	model	output	from	simulations	contributed	













PPE_RCM	 (the	 UKCP09	 Medium	 scenario),	 and	 consists	 of	 a	 partly-filled	
matrix	 of	 simulations	 in	which	 a	 number	 of	 global	models	 developed	 in	
Europe	are	used	to	drive	a	number	of	European	regional	models.	Data	 is	



















prescribed	 using	 values	 saved	 from	 the	 relevant	 global	 projection,	 since	
the	 regional	 model	 used	 in	 UKCP09	 (like	 most	 RCMs)	 does	 not	 include	
an	 interactive	ocean	component.	The	purpose	of	RCMs	 is	 to	provide	high	




al	 (2009).	 The	potential	 advantages	of	 projections	 from	RCMs	over	 those	
from	global	models	are	that	they	can	capture	detailed	spatial	contrasts	not	
resolved	in	the	global	models,	particularly	those	arising	from	mountains	and	
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coastlines,	and	that	they	can	capture	climate	variability	and	extreme	events	























Figure 1: Gridded observations of wind 
speed (ms-1) at a height of 10 metres 
(hereafter referred to as surface wind 
speed) averaged over 1971-2000 for 
December to February (DJF) at a) 1 
km resolution b) 25 km resolution, 
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	3.2.	Model	 surface	wind	 speed	 diagnostics	 from	 the	 thirty	 year	 period	 1971-
2000	were	used	to	calculate	an	ensemble	mean	of	30-year	average	seasonal	
values	 from	 the	eleven	 regional	model	 simulations.	 The	 results	 (Figure	3)	




orography	 (particularly	 the	 Scottish	 and	Welsh	 mountains)	 are	 generally	
lower	 than	 observed,	whereas	 values	 over	 low-lying	 regions	 (particularly	





terms	 (bottom	 row	of	 Figure	4)	 these	negative	biases	are	 typically	 in	 the	









Figure 2: Observed surface wind speeds 
(ms-1) on the 25 km RCM grid, averaged 
over 1971-2000 for a) DJF b) March to 
May (MAM) c) June to August (JJA) d) 
September to November (SON).
Figure 3: Ensemble averages of surface 
wind speed simulated by the eleven RCM 
variants for 1971-2000 (ms-1), for a) DJF b) 
MAM c) JJA d) SON.
8Wind speed projections technical note
















Figure 4: Differences in seasonal surface 
wind speed between the PPE_RCM 
ensemble mean and observations, 
averaged over 1971-2000, expressed as 
absolute values in (ms-1) (a-d), and as a 
percentage of the observed value (e-h).
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Figure 5: Biases in the simulations of surface mean wind speed (ms-1) averaged over 
1971-2000 for individual PPE_RCM ensemble members relative to the observations of 
Figure 2, for winter (DJF). Each ensemble member (panels a-k) is referred to by its run 
identifier on the Met Office supercomputer (afgcx, afixa, etc). Panel l shows the bias for 
the ensemble mean of the eleven members.
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parameter	 settings),	 driven	 at	 its	 lateral	 boundaries	 by	 a	 time	 series	 of	








the	observational	 dataset,	 so	biases	 relative	 to	 ERA40	are	 shifted	 slightly	
lower).	These	results	show	that	the	patterns	of	wind	speed	bias	found	in	the	
RCMs	cannot	be	attributed	to	biases	in	the	large	scale	circulation	inherited	
Figure 6: Biases in ensemble-mean 
simulated values of the westerly wind 
component at 850 hPa, with respect to 
ERA40 reanalyses (ms-1), averaged over 
1971-2000. Top row shows RCM biases 
for (a) DJF, (b) MAM, (c) JJA and (d) SON. 
Bottom row shows corresponding biases 
in the driving global model simulations 
((e) DJF-(h) SON).
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and	 Clark,	 2007).	 Near-surface	 wind	 speeds	 are	 found	 to	 exhibit	 similar	
low	 biases	 over	 high	 land,	 which	 are	 attributed	 to	 the	 parameterisation	




the	 use	 of	 a	 grid-box	 average	 orographic	 height	 in	 the	model.	 The	 aim	
of	 this	 orographic	 roughness	 parameterisation	 is	 to	 achieve	 a	 realistic	
representation	of	the	effects	of	orographic	drag	on	the	synoptic	scale	flow	
at	heights	 above	 the	 lower	part	of	 the	atmospheric	boundary	 layer,	well	
above	the	orography.	However,	this	is	achieved	at	the	cost	of	an	unrealistic	
wind	 profile	 near	 the	 surface	 in	 mountainous	 regions,	 as	 the	 artificially	
enhanced	 drag	 is	 applied	 at	 the	 surface,	 and	 hence	 reduces	 the	 near-
surface	winds	excessively.	In	contrast,	the	other	characteristic	bias	found	in	
the	RCM	simulations	(excessively	high	speeds	over	low-lying	regions	of	the	
Midlands	and	South-East)	 is	 likely	 to	arise	 from	 the	use	of	 values	 for	 the	
basic	(vegetative)	component	of	roughness	length	which	are	too	small.
3.6.	 The	 existence	 of	 biases	 in	 the	 simulated	 long-term	historical	 averages	 of	
wind	 speed	demonstrates	 the	need	to	adjust	 the	RCM	wind	speeds	using	
a	postprocessing	strategy	(see	section	5),	but	does	not	necessarily	preclude	
the	generation	of	credible	future	time	series	of	wind	speeds,	provided	that	
the	 RCMs	 provide	 reasonable	 simulations	 of	 variability	 about	 the	 long-
term	average.	 This	 aspect	 is	 assessed	 in	 Figure	 9,	which	 shows	 frequency	
Figure 7: As Figure 5 for biases in the 
southerly component of wind at 850hPa.
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from	 the	 driving	 coarse-resolution	 global	model	 (black	 curves),	 are	more	
clearly	 demonstrated.	 For	 example,	 at	 Lerwick,	 Ringway,	 Aldergrove	 and	
Turnhouse	 the	 RCM	 distributions	 avoid	 the	 excessive	 occurrence	 of	 high	
values	 found	 in	 the	 GCM	 distributions.	 At	 St	Mawgan	 the	 RCM	matches	
observations	 better	 at	 low	 speeds,	 whereas	 the	 GCM	 matches	 better	 at	
high	speeds.	At	the	other	two	stations	the	GCM	and	RCM	biases	relative	to	
observations	are	similar.	Overall,	it	is	clear	that	the	RCM	distributions	verify	
better	 against	 observations	 than	 their	 GCM	 counterparts.	 The	 detailed	




Figure 8: Seasonal biases in the simulation of surface wind speed (ms-1) averaged over 
1971-2000 relative to the observations of Figure 2, in an integration of the PPE_RCM 
ensemble member with standard parameter settings driven with time series of boundary 
conditions obtained from ERA40 re-analyses. Top row (a-d): Absolute biases in ms-1. 
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Figure 9: Relative frequencies of daily average values of surface wind speed observed 
during December to February over the period 1961-1990 (red curves), for seven 
observing stations. Blue and black curves show corresponding distributions of values 
simulated at the nearest grid points in the variants of the regional and global climate 














responses	 across	 the	 different	members,	 the	winter	 changes	 (top	 row	 of	


















global	 coupled	 ocean-atmosphere	 models	 contributed	 to	 the	 IPCC	 AR4	
(Meehl	et al.	2007).	The	RCM	changes	conform	fairly	closely	to	the	changes	
in	 their	driving	models,	 noting	 that	 some	differences	would	be	expected	
due	to	the	effects	of	downscaling.	However,	the	envelope	of	RCM	changes	
is	somewhat	narrower	than	the	wider	spread	of	changes	found	in	either	the	
full	 PPE_GCM	ensemble	 or	 (in	 particular)	 the	multi-model	 ensemble.	 The	







Wind speed projections technical note
Figure 10: Changes in surface wind speed (%) in winter (DJF) for 2070-2099 relative to 
1961–1990, for the eleven individual RCM projections (a-k). Panel l shows the ensemble-
mean changes.
16
Wind speed projections technical note
Figure 11: Envelope of changes in surface wind speed (%), for 2070-2099 minus 1961–
1990, for (a) DJF, (b) MAM, (c) JJA, (d) SON. At each grid point in a given season the 
envelope is defined as the minimum change found across the eleven PPE_RCM ensemble 
members (left panel), and the maximum response (right panel). The central panel 
shows the ensemble-mean change. Note that different ensemble members provide the 
minimum or maximum changes at different grid points, so the maps do not represent 
the change simulated by any particular ensemble member.
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Figure 12: Percentage changes in surface 
wind speed for December–February 
for 2070–2099 relative to 1961–1990 
(asterisks), for the UKCP09 Medium 
emissions scenario. Results are presented 
for three RCM grid points representative 
of low-lying land over England, and three 
points representative of higher land over 
Scotland. Changes are also given from the 
17 member ensemble of PPE_GCM global 
model projections (crosses, where the 11 
members use to drive the RCM projections 
are in black, with the remaining six 
members in red), and also from the 
nearest land point from 15 projections 
from the CMIP3 multi-model ensemble of 
projections from alternative global climate 
models (diamonds). Note that wind 
speed was not archived in the CMIP3 data 
archive, so changes were estimated from 
daily values of westerly and southerly 
wind components, using relationships to 
wind speed calculated from the PPE_GCM 
projections.
more	than	the	values	derived	from	the	RCMs.	Similarly,	it	cannot	be	assumed	

















circulation	 anomalies	 over	 the	UK	 through	 changes	 in	 the	 generation	 of	
quasi-stationary	 planetary	waves.	On	 the	 other	 hand,	 regional	 influences	
can	potentially	also	have	an	influence,	for	example	through	changes	in	the	
frequency	 of	 occurrence	 of	 stable,	 neutral	 or	 convective	 boundary	 layer	
profiles,	which	would	 affect	 the	 relationship	between	 changes	 in	 surface	
winds	and	changes	at	higher	levels	in	the	free	atmosphere.
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Figure 13: Ensemble mean future changes in surface wind speed for 2070–2099 relative 
to 1961–1990 from the RCM projections (top row) and their driving global model 
projections (bottom row), for DJF (a and e), MAM (b and f), JJA (c and g), and SON (d and 
h).
Figure 14: Ensemble mean future changes in the westerly component of wind at 850 
hPa for 2070–2099 relative to 1961–1990 from the RCM projections (top row) and their 
driving global model projections (bottom row), for DJF (a and e), MAM (b and f), JJA (c 
and g), and SON (d and h).
19
Wind speed projections technical note
4.4	 In	practice,	patterns	and	magnitudes	of	future	changes	in	surface	wind	speed	
are	similar	between	the	PPE_RCM	ensemble	and	the	driving	global	model	
ensemble	 (see	 Figure	13,	which	 shows	ensemble	mean	 changes	 for	 2070-
99	 relative	 to	 1961-90	across	 Europe).	 Figures	 14	and	15	 show	ensemble-




(e.g.	 Figures	 10	 and	 11).	However,	 the	 ensemble-mean	patterns	 do	 show	
some	large	scale	structure,	with	(for	example)	a	reduction	in	westerly	flow	
over	 the	 southern	half	of	 the	UK	 in	 summer	 (with	 stronger	westerlies	 to	
the	north),	 and	an	 increase	 in	 southerly	flow	over	 the	UK	 in	winter.	 The	
change	patterns	for	850	hPa	wind	components	are	also	very	similar	between	
the	RCM	and	driving	global	model	ensembles,	and	do	not	reflect	the	bias	
patterns	 found	 in	 the	RCM	 surface	wind	 speeds	 for	 the	UK	 (cf	 Figure	4).	
These	 results	 indicate	 that	 the	 projected	 changes	 in	 surface	 wind	 over	
the	UK	and	Europe	 in	 the	RCMs	are	determined	mainly	by	 the	effects	of	
the	large	scale	climate	change	feedback	processes	on	changes	in	winds	in	






is	 similar	 for	grid	points	 affected	by	both	positive	biases	 in	 the	historical	
simulations	 (several	 low-lying	 locations	 in	 England)	 and	 negative	 biases	
(several	Scottish	locations	at	higher	elevations).
Figure 15: As Figure 14 for changes in the 


















daily	 values	 as	 fractional	 anomalies	 relative	 to	 the	 simulated	 long	 term	
historical	average,	and	then	apply	those	to	the	observed	long	term	historical	
average	to	provide	time	series	of	absolute	future	values.	This	would	have	
the	 advantage	 of	 preserving	 changes	 in	 the	 variability	 of	 wind	 speed	
projected	by	the	RCMs,	but	would	not	account	for	variations	in	the	historical	
simulation	bias	as	a	function	of	wind	speed	(compare	blue	and	red	curves	
in	 Figure	 9,	 for	 example).	 A	 more	 sophisticated	 bias	 correction	 strategy	
would	be	 to	derive	a	 set	of	change	factors	 from	the	RCM	projections	 for	
corresponding	 percentiles	 of	 the	 wind	 speed	 distribution.	 These	 factors	
could	 then	 be	 applied	 to	 observed	 historical	 time	 series	 of	 wind	 speed	









5.3	 The	bias	 correction	 strategies	 suggested	 above	 assume	 the	 availability	 of	
suitable	 observations,	 such	 as	 the	 gridded	 climatological	 values	 shown	














understanding	 of	 uncertainties	 in	 climate	modelling.	 Consequently,	 users	
who	wish	 to	assess	more	 fully	 the	modelling	uncertainty	 should	 compare	
the	spread	of	RCM	derived	results	with	those	from	other	modelling	data.	
Sources	 would	 include	 the	 17-member	 PPE_GCM	 ensemble	 of	 perturbed	
physics	variants	of	HadCM3	global	model	carried	out	for	UKCP09	(see	section	
2.1	above),	which	samples	a	somewhat	wider	range	of	process	uncertainties	
than	 those	 sampled	 in	 the	 eleven	 RCM	 projections,	 or	 the	 multi-model	




from	 the	PPE_GCM	ensemble.	Users	wishing	 to	estimate	 changes	 in	wind	
speed	from	multi-model	projections	can	potentially	do	so	using	relationships	
between	wind	speed	and	the	daily	average	component	values.
5.5	 While	 the	 set	 of	 eleven	 RCM	 projections	 do	 not	 provide	 a	 sufficiently	
comprehensive	dataset	to	support	robust	estimates	of	the	relative	likelihood	
of	different	levels	of	change	in	future	wind	speeds,	users	may	wish	to	combine	
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